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Abstract
Background:  Augmentation  cystoplasty  is  a  successful  surgical  procedure  for  the  management
of neurogenic  bladder  in  children  in  order  to  improve  urodynamic  parameters.
The aim  of  this  article  is  to  describe  urodynamic  changes  after  augmentation  cystoplasty  in
children with  myelomeningocele.
Materials  and  methods:  A  descriptive  cross-sectional  study  including  children  aged  8--16  years
with a  myelomeningocele  operated  on  for  augmentation  cystoplasty  surgery  with  sigmoid  colon
segments due  to  a  neurogenic  bladder  from  the  years  2003--2013.  A  urodynamic  study  was
conducted  before  and  after  the  surgical  procedure.  Non-probabilistic  sample  of  consecutive
cases. Descriptive  statistics  with  frequencies  and  percentages,  medians,  and  ranges.  Inferential
intra-group  comparison  with  the  Wilcoxon  test  and  inter-group  with  Mann--Whitney  U.  SPSS  20.0
statistical  package.
Results:  The  study  included  50  patients,  of  whom  25  were  male  and  25  were  female,  with
a median  age  of  12  years  (range,  6--15  years).  Bladder  capacity  improved  from  52.8%  to
95.9% (p  <  0.001),  uninhibited  contractions  1.4--1.8,  contraction  intensity  47--8.5  (p  <  0.001),
mean pre-surgical  and  post-surgical  ﬁlling  pressure  40.8  cmH2O  and  11.0  cmH2O,  respectively
(p <  0.001),  mean  emptying  pressure  48.5  vs.  3.6  cmH2O  (p  <  0.001),  and  bladder  accommodation
4.6 vs.  41.3  cmH2O  (p  <  0.001).
 Please cite this article as: Zaragoza-Torres RI, Galarza-Flores ME, Gómez-Castellanos JC, Barrera-de León JC. Cambios urodinámicos
posteriores a cirugía de ampliación vesical por vejiga neurogénica en pacientes pediátricos con mielomeningocele. Cir Cir. 2016;84:113--118.
∗ Corresponding author at: Belisario Domínguez 735 Col Independencia, Guadalajara, Jalisco C.P. 44340, Mexico.
Tel.: +52 33 3668 3000ext.32696; fax: +52 3377 7093.
E-mail address: jcbarrer@hotmail.com (J.C. Barrera-de León).
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Conclusions:  Augmentation  cystoplasty  with  sigmoid  colon  signiﬁcantly  improved  urody-
namic parameters,  such  as  bladder  accommodation  and  ﬁlling  pressure  in  children  with
myelomeningocele-associated  neurogenic  bladder.
© 2015  Academia  Mexicana  de  Cirugía  A.C.  Published  by  Masson  Doyma  México  S.A.  This  is
an open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Cambios  urodinámicos  posteriores  a  cirugía  de  ampliación  vesical  por  vejiga
neurogénica  en  pacientes  pediátricos  con  mielomeningocele
Resumen
Antecedentes:  La  cistoplastia  de  aumento  es  una  cirugía  exitosa  para  el  manejo  de  vejiga
neurogénica  en  nin˜os,  por  mejorar  los  parámetros  urodinámicos.
El objetivo  del  estudio  es  describir  los  cambios  urodinámicos  posteriores  a  cistoplastia  de
aumento en  nin˜os  con  mielomeningocele.
Material  y  métodos: Estudio  transversal,  descriptivo,  que  incluyó  a  nin˜os  de  8  a  16  an˜os  con
mielomeningocele,  operados  de  cistoplastia  de  aumento  con  colon  sigmoides  por  vejiga  neu-
rogénica del  2003  al  2013.  Se  realizó  un  estudio  urodinámico  previo  y  posterior  a  la  cirugía.
Muestreo no  probabilístico  de  casos  consecutivos.  Estadística  descriptiva  con:  frecuencias,  por-
centajes,  medianas  y  rangos.  Inferencial  intragrupos  con  Wilcoxon  e  intergrupos  con  U  de
Mann--Whitney  con  paquete  estadístico  SPSS  20.0.
Resultados:  Se  analizó  a  50  pacientes,  del  género  masculino  n  =  25  (50%),  femenino
n =  25  (50%),  edad  mediana  12  an˜os  (rango  6--15),  capacidad  vesical  con  mejoría  de  52.8%  a  95.9%
(p <  0.001),  contracciones  no  inhibidas  1.4  a  1.8  (p  <  0.001),  intensidad  de  contracciones  47  a
8.5 (p  <  0.001),  presión  de  llenado  promedio  prequirúrgico  40.8  cm  H2O  y  posquirúrgico  11.0  cm
H2O  (p  <  0.001),  promedio  de  presión  de  fuga  48.5  vs.  3.6  cm  H2O  (p  <  0.001)  y  acomodación
vesical 4.6  vs.  41.3  cm  H2O  (p  <  0.001).
Conclusiones:  La  cistoplastia  de  aumento  con  colon  sigmoides  mejoró  signiﬁcativamente  los
parámetros  urodinámicos,  como  capacidad  vesical,  acomodación  vesical  y  presión  de  llenado
en nin˜os  con  vejiga  neurogénica  por  mielomeningocele.
© 2015  Academia  Mexicana  de  Cirugía  A.C.  Publicado  por  Masson  Doyma  México  S.A.  Este  es
un artículo  Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/
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ackground
etrusor  hyperactivity  or  hyperactive  bladder  is  a  disorder
haracterised  by  involuntary  contractions  during  the  ﬁlling
tage,  which  is  associated  with  a  wide  variety  of  neurological
onditions.  The  most  common  cause  of  neurogenic  bladder
n  children  is  abnormal  development  of  the  spinal  canal,
ssociated  with  myelomeningocele  in  90%  of  cases.1,2
These  disorders  have  a  high  social  and  economic  impact,
nd  therefore  different  techniques  have  been  developed  to
anage  them,  including:  drug  treatment,  clean  intermittent
atheterisation  and  surgical  management.3
The  prevalence  of  myelomeningocele  in  Mexico  is  1.2  per
000  live  newborns,  with  predominance  in  Caucasians  and
omen  1.25:1,  multiple  complications  at  urological,  intesti-
al,  cardiac  and  orthopaedic  levels  are  known.4
Urodynamics  is  a  dynamic  study  of  the  transport,  stor-
ng  and  evacuation  of  urine  by  the  urinary  tract,  which
omprises  various  tests  that  used  individually  or  collec-
ively  can  provide  information  on  the  functioning  of  the
ower  urinary  tract;  its  components  are:  uroﬂow  metre,
ystomanometer,  ﬂow--pressure  studies,  electromyography,
rethral  proﬁle,  leak  point  pressure,  videourodynamics  and
mbulatory  urodynamics.5
t
d
dIn  2007,  López  Pereira  et  al.6 performed  a  study  with
1  paediatric  patients  with  neurogenic  bladder  with  a
oor  response  to  clean  intermittent  catheterisation,  who
nderwent  bladder  augmentation.  Follow-up  was  11  years
nd  the  subsequent  urodynamic  tests  showed  a  signiﬁcant
mprovement  in  bladder  compliance,  ureterohydronephro-
is  disappeared  in  all  the  patients,  vesicoureteral  reﬂux  in
3  patients,  and  none  of  the  patients  presented  new  renal
cars.  At  the  end  of  the  study  renal  function  was  normal  in
0  of  the  patients.6
In  2009,  Kajbafzadeh  et  al.7 performed  a  study  to
valuate  the  efﬁcacy  of  transcutaneous  interferential
lectrostimulation,  on  emptying  symptoms  and  in  the
rodynamics  variables  in  children  with  mylomeningocele
ith  neurogenic  detrusor  hyperactivity.  Children  aged  from
 to  16  resistant  to  conventional  treatment  with  moderate
o  severe  symptoms  of  incontinence  and  detrusor  hyper-
ctivity.  The  treatment  group  and  the  control  group  were
andomised.  A  urodynamics  study  was  performed  before  and
fter  electrostimulation  and  the  children  were  monitored
ver  6  months.  The  variables  studied  in  the  urodynamic
ests  were:  average  maximum  detrusor  pressure,  maximum
etrusor  capacity,  maximum  bladder  capacity,  average
etrusor  compliance,  residual  urine  and  detrusor  sphincter
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associated  neurogenic  bladder  in  paediatric  patients;  of
these,  only  50  were  studied  who  fulﬁlled  the  inclusion  crite-
ria.  Fig.  1  shows  the  general  study  proﬁle  of  the  study  and
the  reasons  why  the  patients  were  excluded.
Bladder augmentations
n = 80
Lost
n = 30
Incomplete
urodynamic tests
Incomplete or missing
clinical record
n = 8
Traumatic and
infectious origin
n = 16 
Studied
n = 50
n = 6  Urodynamic  changes  in  vesicle  enlargement  by  neurogenic  b
dyssynergia.  This  study  demonstrated  that  therapy  with
electrostimulation  is  a  minimally  invasive  technique,  effec-
tive  in  terms  of  improved  incontinence  symptoms  and  in  the
parameters  of  the  urodynamic  tests  in  children  with  neuro-
genic  detrusor  hyperactivity  caused  by  myelomeningocele.7
In  2010  Parshotam  Kumar  et  al.8 performed  an  experi-
mental  bladder  auto  augmentation  study  on  18  lambs  using
the  urinary  bladder  SURGISIS® and  INTEGRA  (collagen  layer)
in  comparison  with  seromuscular  enterocystoplasty.  The
auto  augmentation  was  performed  with  the  seromuscular
layer  of  the  small  intestine,  SURGISIS® or  the  collagen  layer
of  INTEGRA®.  Three  months  after  the  initial  procedure,
the  lambs  were  reoperated,  the  elasticity  was  measured
and  the  histological  test  performed.  The  post-operative
period  passed  without  incident  in  17  lambs,  as  one  of  the
enterocystoplasty  group  presented  an  intestinal  obstruc-
tion;  a  statistically  signiﬁcant  differences  was  observed  in
the  elasticity  in  SURGISIS® and  INTEGRA®.  Bladder  auto
augmentation  using  the  INTEGRA  collagen  layer  showed  bet-
ter  histological  and  functional  results  in  comparison  with
SURGISIS® and  seromuscular  enterocystoplasty.8
The  use  of  a  segment  of  the  digestive  tract  or  a  section
of  the  ureter  to  enlarge  or  replace  the  bladder  is  an  increas-
ingly  frequent  procedure  in  paediatric  urology;  the  sigmoid
colon  and  the  ascending  caecum  are  the  most-used  segments
due  to  their  anatomical  location,  they  are  easy  to  mobilise
and  detubulate  and  there  are  few  complications.  Undertak-
ing  augmentations  with  sigmoid  colon  without  mucosa,  is  an
attempt  to  ﬁnd  a  reservoir  without  intestinal  mucus  or  the
undesirable  effects  of  gastrocystoplasty,  such  as:  dysuria,
haematuria  and  metabolic  alkalosis.  Furthermore,  bladder
augmentation  before  puberty  preserves  renal  function  and
corrects  bladder--ureteral  reﬂux  and  ureterohydronephrosis
in  most  patients,  without  reimplanting  the  ureters.6
The  objective  of  the  study  was  to  describe  the  urody-
namic  changes  after  augmentation  cystoplasty  in  paediatric
carriers  of  myelomeningocele.
Materials and methods
Transversal,  descriptive  study;  including  patients  from  1st
January  2003  to  31  December  2013  in  the  Paediatric  Urology
Clinic  of  the  Unidad  Médica  de  Alta  Especialidad, Hospi-
tal  de  Pediatría,  Centro  Médico  Nacional  de  Occidente  en
Guadalajara, Mexico.
Patients
Paediatric  patients  aged  from  8  to  16  with  a  diagnosis
of  neurogenic  bladder  due  to  myelomeningocele,  who  had
undergone  bladder  augmentation  with  the  sigmoid  colon  and
with  a  urodynamic  study  before  and  after  surgery.  Patients
with  augmentation  cystoplasty  due  to  infection  or  trauma  or
with  incomplete  patient  records  were  eliminated.
The  databases  of  patients  of  the  Paediatric  Urology
Clinic  who  met  the  inclusion  criteria  were  reviewed.  A
review  of  the  clinical  records  of  the  operated  patients  was
undertaken.  A  data  collection  sheet  was  prepared,  which
included  the  4  most  common  eurodynamic  measurements:
bladder  capacity,  uninhibited  contractions,  average  ﬁlling
pressure  and  leakage  point.  The  information  was  gathered,
F
c
aer  117
he  electronic  base  was  emptied  and  the  corresponding
tatistical  analysis  was  made.
escription  of  technique
Double  calibre  7  or  9  French  catheters  were  used  for  the
rodynamic  study.  Eight  channel  Andromeda  equipment  was
sed  for  recording  and  the  software  used  was  Griffon  Uro-
ynamics  V2.12.  The  study  technique  consisted  of  initial
ladder  emptying  by  catheterisation  and  cystometric  study;
he  infusion  speed  was  20  ml/min  and  bladder  ﬁlling  was
topped  when  the  patient  experienced  discomfort  when  con-
inuous  losses  of  urine  were  produced  or  when  the  volume  of
erfused  liquid  exceeded  the  bladder’s  capacity  which  was
stimated  by  the  age  of  the  patient.  After  each  ﬁlling,  the
atient  was  asked  to  micturate  even  with  Credé  or  Valsalva’s
anoeuvres,  and  the  residue  was  measured.
thical  aspects
he  guidelines  as  set  out  in  the  General  Health  Act  on
ealth  research  matters  and  the  World  Health  Organisa-
ion’s  Helsinki  Agreement  on  ethical  principles  for  medical
esearch  in  human  beings  were  followed.  The  protocol  was
ccepted  by  the  local  research  and  ethics  committee  with
olio  number  R-2012-1302-30.
tatistical  analysis
on-probabilistic  sample  of  consecutive  cases.  Descriptive
tatistics  were  used  with  frequencies  and  percentages  for
he  qualitative  variables,  medians  and  ranges;  for  quan-
itative  variables.  The  Mann--Whitney  U  test  was  used  for
he  inferential  analysis  to  compare  intergroup  medians  and
he  Wilcoxon  test  for  intragroup  medians.  A  p  <  0.05  was
onsidered  statistically  signiﬁcant.  The  statistical  software
ackage  used  was  SPSS  20.0  for  Windows.
esults
ighty  bladder  augmentations  were  carried  out  over  the
tudy  period  with  sigmoid  colon,  due  to  myelomeningocele-igure  1  General  study  proﬁle  of  children  after  augmentation
ytsoplasty  using  the  sigmoid  colon  for  myelomeningocele-
ssociated  neurogenic  bladder.
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Figure  2  Pre-  and  post-operative  bladder  capacity  of  child
myelomeningocele-associated  neurogenic  bladder.
Table  1  Clinical  and  sociodemographic  characteristics  of
children  after  bladder  augmentation  with  sigmoid  colon  for
myelomeningocele-associated  neurogenic  bladder.
Characteristic  Value  n  =  50
Gender  male/female,  frequency  (%)  25  (50)/25  (50)
Age in  months,  median  (range)  12  (6--16)
Weight in  kg,  median  (range)  28  (11--62)
Height  in  cm,  median  (range)  120  (90--160)
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ence  and  experience  of  the  surgeon.  Serious  complicationsBody mass  index,  median  (range)  14.4  (7.5--24.2)
Table  1  shows  the  most  important  somatometric  fea-
ures  which  help  us  to  describe  the  study  population  and
e  observe  a  symmetrical  distribution  in:  gender,  median  of
2  years  of  age,  weight  of  28  kg,  height  of  120  cm  and  a  body
ass  index  of  14.4,  with  the  respective  ranges.
Table  2  presents  the  results  of  the  urodynamic  changes
efore  and  after  bladder  augmentation  for  neurogenic  blad-
er.  Important  changes  can  be  seen  with  a  highly  signiﬁcant
mpact  analysed  before  and  after  surgery,  which  were  eval-
ated  using  Wilcoxon’s  test.
Fig.  2  shows  the  distribution  of  the  values  of  bladder
apacity  before  and  after  augmentation  cystoplasty,  we
bserve  a  considerable  increase  in  the  median  with  a  small
ariability  in  the  data  in  the  post-operative  period.  The  pre-
perative  median  of  54  cm  H2O  increased  to  100  cm  H2O
fter  surgery.
i
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Table  2  Description  of  urodynamic  changes  in  paediatric  patie
augmentation.
Variable  Prior  to  surgery  
Mean±SD  Median  (ra
Bladder  capacity  percentage  52.8  ±  20.1  54  (11--10
Uninhibited contractions  1.4  ±  0.4  1  (1--2)  
Intensity of  contractions  47.0  ±  4.6  48  (0--146
Filling pressure  40.8  ±  18.9  40  (8--100
Leakage pressure  48.5  ±  3.7  46  (0--146
Accommodation  4.6  ±  3.2  3  (1--17)
Comparison of pre-and post-surgical medians using Wilcoxon’s test.
SD: standard deviation.ren  undergoing  cystoplasty  using  the  sigmoid  colon  for
Fig.  3  shows  the  changes  in  ﬁlling  pressure  in  the  uro-
ynamic  test  of  the  children  who  underwent  augmentation
ystoplasty  for  neurogenic  bladder  and  we  observed  impor-
ant  changes  with  a  median  of  40  cm  H2O  in  the  preoperative
eriod,  compared  with  11  cm  H2O  in  the  post-operative
eriod,  with  the  respective  quartiles  and  minimum  and  max-
mum  values  in  this  series  of  patients.
iscussion
ystoplasty  is  a  surgical  procedure  which  is  used  to  treat  uro-
ogical  disorders  in  children.  Its  main  objective  is  to  reduce
ladder  pressure  during  ﬁlling  and  emptying  of  the  bladder
o  prevent  upper  urinary  tract  damage  and  to  reduce  the
isk  of  urinary  tract  infection  and  incontinence.9
Non-surgical  treatment  of  neurogenic  bladder  with  clean
ntermittent  catheterisation,  using  pharmacological  and
ntibiotic  management,  plays  an  important  role  in  these
atients.  Failure  of  this  treatment  is  the  most  common
ndication  for  performing  a  bladder  augmentation  for  dys-
unctional  bladders.10
Bladder  augmentation  with  gastro-intestinal  tissue  is  the
ost  frequent  treatment  for  this  disorder.  The  segment  to
e  used  is  generally  determined  according  to  the  prefer-n  patients  with  bladder  augmentations  performed  using
ntestine,  which  include  metabolic  disturbances,  which  will
epend  on  the  segment  of  intestine  used,  the  anatomical
nts  with  neurogenic  bladder  who  have  undergone  bladder
Post-surgery  p  value
nge)  Mean±SD  Median  (range)
0)  95.9  ±  8.8  100  (63--100)  <  0.001
1.8  ±  0.4  2  (1--2)  <  0.001
)  8.5  ±  1.9  0  (0--72)  <  0.001
)  11.0  ±  8.9  9  (2--47)  <  0.001
)  3.6  ±  1.0  0  (0--48)  <  0.001
 41.3  ±  4.3  26  (4--189)  <  0.001
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Figure  3  Pre-  and  post-operative  ﬁlling  pressure  in  children  undergoing  cystoplasty  using  the  sigmoid  colon  for  myelomeningocele-
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3. Andersson KE. Antimuscarinics for treatment of overactive blad-
der. Lancet Neurol. 2004;3:46--53.associated neurogenic  bladder.
area,  the  time  in  contact  with  urine,  kidney  function  and
Ph  and  serum  osmolarity  disturbances.  Hypokalaemia,  hypo-
magnesaemia,  hypocalcaemia  and  hyperammonaemia  and
raised  urea  and  creatinine  levels  have  also  been  reported.
For  these  reasons,  this  procedure  has  very  limited  indica-
tions  in  patients  with  kidney  failure.11
Median  term  an  increase  is  presented  of  up  to  30%  in
the  incidence  of  bladder  stones  and  stones  of  the  upper
urinary  tract,  these  principally  comprise  phosphate,  which
indicates  a  major  participation  of  bacteriuria  and  organisms
that  degrade  urea  as  conditioning  factors  for  this  change.
Excess  mucous  is  also  produced  which  impedes  the  manage-
ment  of  catheters  in  the  post-operative  period  and  implies
a  major  risk  of  urinary  ﬁstulae.
An  increase  in  the  incidence  of  malignant  diseases  has
also  been  published  in  recent  years,  due  to  internal  and
external  carcinogenic  factors,  which  might  cause  changes
in  DNA  structure.  The  incidence  of  cancer,  principally  ade-
nocarcinoma  occurs  in  the  anastomosis  site  at  5%  and  13%,
at  least  10  years  after  surgery.  Patients  with  a  history  of
bladder  extrophy  and  bladder  augmentation  have  a  greater
risk  of  presenting  this  malignant  disease  in  their  forties.12
After  bladder  augmentation  patients  often  require  clean
intermittent  catheterisation,  because  cases  of  spontaneous
perforation  have  been  reported  which  require  emergency
surgery.  In  addition,  other  complications  present  which
are  inherent  to  the  use  of  intestine,  such  as  intestinal
obstructions,  enteric  ﬁstulae,  intoxication  due  to  the  reab-
sorption  of  drugs,  malabsorption  syndrome,  changes  in
glucose  metabolism,  delayed  development  and  bone  dis-
ease.  A  great  many  materials  have  been  investigated  in
an  attempt  to  reduce  complications,  but  to-date  with  poor
results.13
Since  the  ﬁrst  report  on  the  use  of  ureteral  segments  for
bladder  augmentation  with  tortuous  and  redundant  reﬂux-
ing  megaureters,  non-functioning  kidney,  these  have  had
good  results.  Ureteral  tissue  is  an  autogenous  material,  with
elastic  muscular  tissue  and  transitional  cell  epithelium.
All  of  our  patients  had  myelomeningocele-associated
neurogenic  bladders  and  the  intestinal  segment  used  was  the
sigmoid  colon,  which  is  still  the  most  frequently  used  world-
wide  according  to  the  literature.14 It  is  metabolically  less
active  in  the  absorption  of  urine  solutes,  although  it  presents
greater  peristalsis.  Due  to  its  surface  area,  it  is  excellent  in
providing  adequate  augmentation  of  bladder  capacity.Almodhen  et  al.15 in  a  longitudinal  in  2007,  followed
p  children  with  myelomenignocele  treated  conservatively
y  performing  a  urodynamic  study  and  radiography  every
 months  and  they  demonstrated  signiﬁcant  changes  in
he  upper  urinary  tract,  and  urodynamic  changes.  The
hanges  observed  in  their  study  are  similar  to  those  we
emonstrate  in  this  series.  Therefore  we  consider  that  aug-
entation  cystoplasty  with  the  sigmoid  colon  is  a  useful
echnique  in  the  management  of  paediatric  patients  with
yelomeningocele-associate  neurogenic  bladder.15
onclusions
ugmentation  cystoplasty  with  the  sigmoid  colon  signif-
cantly  improved  the  urodynamic  parameters,  such  as
ladder  capacity  and  ﬁlling  pressure,  in  children  with
yelomeningocele-associated  neurogenic  bladder.
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